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(57) ABSTRACT

One variation of a dynamic tactile interface includes: a sub-
strate defining a fluid channel and a fluid conduit fluidly
coupled to the fluid channel; a tactile layer comprising a
peripheral region and a deformable region, the peripheral
region coupled to the substrate, and the deformable region
arranged over the fluid conduit, disconnected from the sub-
strate, and operable between a retracted setting and an
expanded setting, the deformable region elevated above the
peripheral region in the expanded setting; a tube comprising
afirst end fluidly coupled to the fluid channel and constrained
relative to the substrate; a volume of fluid within the tube; and
a rotary actuator coupled to the tube remote from the first end
and configured to transition the deformable region from the
retracted setting to the expanded setting by winding the tube
to displace a portion of the volume of fluid within the tube into
the fluid channel.
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DYNAMIC TACTILE INTERFACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The application claims the benefit of U.S. Provi-
sional Patent Application No. 61/727,083, filed on 15-Nov.-
2012, which is incorporated in its entirety by this reference.
[0002] This application is further related to U.S. patent
application Ser. No. 11/969,848, filed on 4-Jan.-2008, U.S.
patent application Ser. No. 13/414,589, filed 7-Mar.-2012,
U.S. patent application Ser. No. 13/456,010, filed 25-Apr.-
2012, U.S. patent application Ser. No. 13/456,031, filed
25-Apr.-2012, U.S. patent application Ser. No. 13/465,737,
filed 7-May-2012, and U.S. patent application Ser. No.
13/465,772, filed 7-May-2012, all of which are incorporated
in their entireties by this reference.

TECHNICAL FIELD

[0003] This invention relates generally to touch-sensitive
displays, and more specifically to a new and useful dynamic
tactile interface in the field of touch-sensitive displays.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIGS. 1A and 1B are schematic representations of a
dynamic interface device;

[0005] FIG. 2 is a schematic representation of a dynamic
interface device incorporated into an electronic device in
accordance with a variation of the dynamic interface device;
[0006] FIGS. 3A and 3B are schematic representations of
variations of the dynamic interface device;

[0007] FIG. 4 is a schematic representations of one varia-
tion of the dynamic interface device;

[0008] FIG. 5 is a schematic representations of one varia-
tion of the dynamic interface device;

[0009] FIGS. 6A and 6B are schematic representations of
one variation of the dynamic interface device;

[0010] FIG. 7 is a schematic representations of one varia-
tion of the dynamic interface device;

[0011] FIGS. 8A and 8B are schematic representations of
one variation of the dynamic interface device;

[0012] FIGS. 9A and 9B are schematic representations of
one variation of the dynamic interface device;

[0013] FIGS. 10A and 10B are schematic representations
of one variation of the dynamic interface device;

[0014] FIGS. 11A and 11B are schematic representations
of one variation of the dynamic interface device;

[0015] FIG. 12 is a schematic representations of one varia-
tion of the dynamic interface device;

[0016] FIG. 13 is a schematic representations of one varia-
tion of the dynamic interface device;

[0017] FIG. 14 is a schematic representations of one varia-
tion of the dynamic interface device; and

[0018] FIGS. 15A and 15B are schematic representations
of one variation of the dynamic interface device.

DESCRIPTION OF THE EMBODIMENTS

[0019] The following description of the embodiment of the
invention is not intended to limit the invention to these
embodiments, but rather to enable any person skilled in the art
to make and use this invention.
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1. Dynamic Tactile Interface

[0020] As shown in FIGS. 1 and 2, a dynamic tactile inter-
face includes: a substrate 110, a tactile layer 120, a volume of
fluid 170, and a displacement device 140. The substrate no
defines a fluid channel 112 and a fluid conduit 114 fluidly
coupled to the fluid channel 112. The tactile layer 120
includes including a peripheral region 121 and a deformable
region 122, the peripheral region 121 coupled to the substrate
110, and the deformable region 122 arranged over the fluid
conduit 114, disconnected from the substrate 110, and oper-
able between a retracted setting and an expanded setting, the
deformable region 122 elevated above the peripheral region
121 in the expanded setting. The displacement device 140 is
configured to displace a portion of the volume of fluid 170
into the fluid channel 112 to transition the deformable region
122 from a retracted setting to an expanded setting. The
dynamic tactile interface can also include a reservoir 130
coupled to the fluid channel 112 and configured to contain a
portion of the volume of fluid 170, and the displacement
device 140 can manipulate the reservoir 130 to displace fluid
from the reservoir 130 into the fluid channel 112.

2. Applications

[0021] The dynamic tactile interface functions as a tactilely
dynamic interface surface for an electronic device to provide
intermittent tactile guidance to an input region on the device.
For example, the dynamic tactile interface can be integrated
orapplied over a touchscreen of a mobile computing device to
provide tactile guidance to a user interacting with the touch-
screen to control the device. In one implementation, the
deformable region 122 is planar or flush with the peripheral
region 121 in the retracted setting, and raised above the
peripheral region 121 to define a tactilely distinguishable
feature on the tactile surface in the expanded setting. In this
implementation, the deformable region 122 can coincide with
(i.e., be arranged over) an input key rendered on a display 150
of the device such that the deformable region 122 mimics a
raised physical hard key in the expanded setting, thus tactilely
guiding selection of the corresponding input key into a touch
sensor of the device. The deformable region 122 can then be
retracted to yield a flush, smooth, and/or continuous surface
and substantially minimal optical distortion across the
deformable and peripheral regions. For example, the dis-
placement device 140 can transition the deformable region
122 into the expanded setting when the user is providing or
has been prompted to provide an input into the touchscreen,
such as with a finger or with a stylus. In this example, the
displacement device 140 can then transition the deformable
region 122 back to the retracted setting when the user is no
longer providing or has not been prompted to provide an input
into the touchscreen—or when the input key is no longer
display adjacent the deformable region 122—such that the
tactile surface is substantially planar or flush with the periph-
eral region, thereby yielding reduced optical distortion of an
image output by the display 150 and transmitted through the
tactile layer 120.

[0022] In various examples, the dynamic tactile interface
can be integrated or applied over a display 150 of a mobile
computing device, such as over a touchscreen of a tablet,
smartphone, laptop computer, desktop computer, personal
data assistant (PDA), personal music player (e.g., MP3
player), etc. The dynamic tactile interface can also be incor-
porated into an automotive dashboard display or console, a



US 2014/0160044 A1

television, a personal navigation device, a watch, a home
stereo system interface, a lighting or thermostat control sys-
tem, a machine tool controller, a computer mouse, a computer
touchpad, a keyboard or keypad, a gaming controller or con-
sole, cooking equipment, or any other suitable electronic
and/or digital computing device.

3. Substrate and Tactile Layer

[0023] As shown in FIG. 1, the substrate 110 defines a fluid
channel 112 and a fluid conduit 114 fluidly coupled to the
fluid channel 112. Generally, the substrate no functions to
support the tactile layer 120 and to distribute fluid from the
displacement device 140 and/or from the reservoir 130 to the
deformable region 122 to transition the deformable region
122 into the expanded setting. Similarly, the substrate 110
functions to distribute fluid from the deformable region 122
back to the displacement device 140 and/or to the reservoir
130 to transition the deformable region 122 from the
expanded setting back into the retracted setting.

[0024] Thetactile layer 120 of the dynamic tactile interface
includes a deformable region 122 and a peripheral region 121
coupled to the substrate 110. The deformable region 122 is
arranged over the fluid conduit 114, is disconnected from the
substrate 110, and is operable between a retracted setting and
an expanded setting. In the retracted setting, the deformable
region 122 can be substantially flush with the adjacent periph-
eral region, and the deformable region 122 can expand out-
ward when fluid is pumped through the fluid channel 112 and
the fluid conduit 114 toward the deformable region 122. The
deformable region 122 can therefore by elevated above the
peripheral region 121 in the expanded setting.

[0025] The substrate 110 can also include a support mem-
ber 116 adjacent the deformable region 122 and configured to
support the deformable region 122 against inward deforma-
tion, such as in response to an input or other force applied to
the tactile surface at the deformable region 122. In this imple-
mentation, the support member 116 can define the fluid con-
duit 114, as shown in FIGS. 11A and 11B, such that the fluid
conduit 114 communicates fluid from the fluid channel 112
through the support member 116 and toward the deformable
region 122 to transition the deformable region 122 from the
retracted setting to the expanded setting.

[0026] The tactile layer 120 and substrate can be imple-
mented as described in U.S. patent application Ser. No.
11/969,848, U.S. patent application Ser. No. 13/414,589,
U.S. patent application Ser. No. 13/456,010, U.S. patent
application Ser. No. 13/456,031, U.S. patent application Ser.
No. 13/465,737, and/or U.S. patent application Ser. No.
13/465,772.

[0027] However, the tactile layer 120 and the substrate 110
can be of any other form and function in any other way to
define the deformable region 122 and to communicate fluid
between the deformable region 122 and the displacement
device 140 and/or the reservoir 130 to transition the deform-
able region 122 between the expanded and retracted settings.

4. Displacement Device and Reservoir

[0028] The reservoir 130 functions to hold a portion of the
volume of fluid 170, and the displacement device 140 func-
tions to displace fluid from the reservoir 130 into the fluid
channel 112 to transition the deformable region 122 into the
expanded setting. The reservoir 130 can further receive fluid
back from the fluid channel 112 to transition the deformable
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region 122 from the expanded setting back into the retracted
setting. The volume of fluid can be water, alcohol, silicone oil,
air, or any other suitable type of fluid (e.g., gas or liquid).

[0029] The dynamic tactile interface can be a standalone,
self-contained system configured for integrated over a touch-
screen of a mobile computing device, such as a tablet or a
smartphone. Generally, capacitive touchscreens, which com-
monly incorporate both a capacitive touch sensor and a dis-
play 150, may require numerous electrical connections (e.g.,
electrodes) for column-wise and row-wise sensor traces and
for column-wise and row-wise pixel control traces. In this
example, these connections may be made along one vertical
edge and one horizontal edge of the touchscreen, which yields
asymmetric touchscreen layout, as shown in FIG. 2. In one
arrangement of the dynamic tactile interface over an asym-
metric touchscreen layout, the reservoir 130 and displace-
ment device are coupled to the substrate 110 opposite the
tactile layer 120 and opposite the electrical connections when
assembled over a touchscreen. Thus, in this arrangement, the
assembly of the dynamic tactile interface and the touchscreen
can form a substantially symmetric and low-profile tactile
touchscreen unit capable of rendering images, capturing user
inputs on the tactile surface, and providing tactile guidance on
the tactile surface through manipulation of fluid into and out
of the deformable region 122. The displacement device 140
and reservoir can therefore be arranged under a region of a
touchscreen that affords substantially maximum vertical
space or capacity to accommodate the displacement device
140 (and reservoir) over a substantially narrow and elongated
footprint, as shown in FIG. 2. In particular, the displacement
device 140 (and the reservoir 130) can be realized within a
volume of space defining a substantially high aspect ratio
inside a mobile computing device. However, the displace-
ment device 140 (and the reservoir 130, etc.) can define any
other suitable geometry for application in any other electronic
device of any other form.

4.1 Bladder Reservoir

[0030] In one variation of the dynamic tactile interface
shown in FIGS. 3A and 3B, the reservoir 130 defines a fluid
bladder configured to hold fluid. The fluid bladder can be
fluidly coupled to the fluid channel 112, such as via a barb.
The fluid channel 112, fluid conduit, reservoir, (barb,)
deformable region, and bladder can thus define a sealed and
enclosed fluid system that fully contains the volume of fluid
170. Similarly, the bladder can be formed over an area of the
substrate 110 opposite the tactile layer 120, and the substrate
110 can define a via that bisects the area of the substrate 110
and fluidly couples to the fluid channel 112 to communicate
fluid between the reservoir 130 and the fluid channel 112.
Thus, the substrate 110, the bladder, the fluid channel 112, the
fluid conduit 114, the via, and the deformable region 122 can
define a sealed and enclosed fluid system.

[0031] Generally, in this variation, the displacement device
140 functions to manipulate the reservoir 130 to displace fluid
therefore, thereby transitioning the deformable region 122
from the retracted setting to the expanded setting. For
example, the displacement device 140 can compress, clamp,
stretch, or otherwise deform the reservoir 130 to adjust its
internal volume. The reservoir 130 can be a substantially
thin-walled, elastic bladder that yields under compression
and/or that stretches under tension. Furthermore, the bladder
can be substantially resilient to repeated tension and com-
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pression cycles. For example, the reservoir 130 can define an
elastomeric bladder, such as a silicone rubber, urethane, or
PVC bladder.

[0032] The reservoir 130 can also be sized for a prescribed
maximum displacement volume to transition the deformable
region 122 and/or one or more additional deformable regions
of the tactile layer 120 from the retracted setting to a fully-
expanded setting. For example, the tactile layer 120 can
include a set of twenty-six substantially identical deformable
regions arranged in a keyboard layer, each fluidly coupled to
the fluid channel 112 via a corresponding fluid conduit. The
displacement device 140 can thus manipulate the reservoir
130 to displace fluid into the fluid channel 112, thereby sub-
stantially simultaneously transitioning the twenty-six
deformable regions from the retracted setting to the expanded
setting. In this example, each deformable region in the set can
correspond to one alphabetical character (i.e. ‘a’ through ‘z’)
in an alphabet and to one associated area of a touch sensor
coupled to the substrate 110. In this example, displacement of
~0.05 mL of fluid can be prescribed for full transition of one
deformable region from the retracted setting to the expanded
setting, and the displacement device 140 and the reservoir 130
can therefore be sized to displace a maximum volume of fluid
170 of at least 1.3 mL. Furthermore, the reservoir 130 can be
sized for a maximum reduction in internal volume of 50%,
such as to extend the life of the reservoir 130 through expan-
sion and retracted cycles. Therefore, in the foregoing
example, the reservoir 130 can be configured to contain a
maximum of at least 2.6 mL of fluid.

[0033] The displacement device 140 can include an actua-
tor coupled to a pair of platens, and the bladder can be sand-
wiched between the pair of platens such that actuation of the
actuator compresses the bladder to displace fluid into the fluid
channel 112. Each platen can be substantially rigid, such as
defining a stamped steel plate or a molded plastic platter with
strengthening ribs. In this implementation, a first platen 141
of the pair can be fixed or otherwise rigidly coupled to the
substrate 110, a touchscreen, a housing of the device, or an
other component within the device, and the actuator can move
the second platen 142 (e.g., in translation) toward the first
platen to displace fluid out of the bladder, thereby increasing
pressure within the fluid system and transitioning the deform-
able region 122 from the retracted setting into the expanded
setting. Alternatively, both platens (and additionally platens)
in the set can be movable relative to each other and/or to the
substrate 110 to similarly deform the bladder.

[0034] Inthis foregoing implementation, the bladder can be
glued, clamped, adhered, or otherwise mechanically fastened
to each of the platens, as shown in FIG. 3A. In this imple-
mentation, the displacement device 140 can further retract the
platens (i.e., move the platens away from each other) to
decrease pressure within the fluid system and/or to create
draw a vacuum within the bladder, thereby actively drawing
fluid out of the fluid channel 112 and back into the reservoir
130 to retract the deformable region 122. Alternatively, the
bladder can be sandwiched between but detached from one or
more platens in the set of platens, and elasticity of the bladder
(and/or the deformable region 122) can cause the bladder to
return to original shape, thereby drawing fluid back out of the
fluid channel 112 and transitioning the deformable region 122
back into the retracted setting when the displacement device
140 releases the platens.

[0035] Alternatively, the displacement device 140 can
include an actuator coupled to a single platen, and the bladder
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can be sandwiched between the platen and an interior surface
of the substrate no opposite the tactile layer 120. In this
implementation, actuation of the actuator can compress the
bladder to displace fluid into the fluid channel 112 (e.g.,
through the via in the substrate no), thereby transitioning the
deformable region 122 from the retracted setting into the
expanded setting. As in the foregoing implementation, in this
implementation, the bladder can be glued, adhered, fastened,
or otherwise attached to the interior surface of the substrate no
and/or to the platen. The portion of the substrate no can thus
function as the second platen 142 described above and coop-
erate with the first platen to compress, stretch, or otherwise
manipulate the bladder when the displacement device 140 is
actuated.

[0036] However, the bladder can be arranged between a
platen and any other surface within the electronic device
incorporating the dynamic tactile interface. For example, the
bladder can be arranged between a single platen and a planar
surface of a battery, a back surface of a touchscreen, or an
internal surface of a housing of the device, and the displace-
ment device 140 can compress the bladder and any of the
foregoing surfaces to displace fluid out of and/or into the
bladder.

[0037] As shown in FIG. 3A, the platens can define two
opposing linkages in a four-bar linkage such that the opposing
surfaces of the platen move parallel one another as the reser-
voir 130 is compressed and/or expanded. Alternatively, as
shown in FIG. 3B, the platens can be hinged to one another
such that the reservoir 130 can be pinched or stretched
between the pivoting platens. Similarly, at least one platen
can be pivotably coupled to an alternative component, such as
to a housing that contains a touchscreen and the dynamic
tactile interface, to a PCB within the housing, to the substrate
no, or to the touchscreen. A first platen 141 can also be
coupled to a flexure that accommodates linear and/or rotary
motion of the first platen 141 relative a second platen 142 to
enable the platens to move toward and away from each other
to thus compress and expand the reservoir 130, respectively.
[0038] As shown in FIG. 4, a first platen 141 can move
within a guide channel 144 that constrains the platen in fewer
than six® of freedom, wherein motion of the first platen 141
along the guide channel 144 brings the first platen 141 and a
second platen 142 closer together or further apart. In this
implementation, the guide channel 144 can be a straight guide
channel 144 in which the first platen 141 moves linearly
within the guide channel. Alternatively, the guide channel 144
can be curved, sinusoidal, curvilinear, or otherwise not
wholly linear. For example, as shown in FIG. 4 the guide
channel 144 can be sinusoidal with a first asymptote at one
end of the guide channel 144 that corresponds with the
retracted setting and with a second asymptote at the opposite
end of the guide channel 144 that corresponds with the
expanded setting. In this example, the asymptotic ends of the
guide channel 144 can function as steady state holding posi-
tions for the first platen 141, thus requiring minimal holding
power and therefore minimal power consumption from the
displacement device 140 in a steady-state retracted or
expanded setting.

4.1.A Bladder Reservoir & Cam block 148

[0039] In a first implementation of the reservoir 130 that
includes a bladder arranged between a first and a second
platen 142, the displacement device 140 includes a cam block
148 defining a guide channel, a drive screw that engages the
cam, and a rotary actuator 143 (e.g., a motor) configured to
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drive the cam block 148 along the drive screw by rotating the
drive screw. As shown in FIG. 5, the first platen 141 is pivot-
ably mounted to the second platen 142 (or to another compo-
nent within the dynamic tactile interface and/or electronic
device coupled to the second platen 142) and includes a tab
147 that engages the guide channel. As the actuator 143
rotates the drive screw in a first arcuate direction, the cam
block 148 moves linearly along a first linear direction, and the
first platen 141 pivots about its hinge toward the second platen
142 as the tab 147 follows the guide channel. As the angle
between the first and second platens decreases, the platens
compress the reservoir 130, drive fluid out of the reservoir 130
and into the fluid channel 112, and thus transition the deform-
able region 122 from the retracted setting into the expanded
setting. Similarly, as the actuator 143 rotates the drive screw
in a second arcuate direction opposite the first arcuate direc-
tion, the cam block 148 moves linearly in a second linear
direction opposite the first linear direction, the tab 147 moves
vertically upward to follow the guide channel, and the first
platen 141 is driven away from the second platen 142 to
stretch the reservoir 130 and thus transition the deformable
region 122 from the expanded setting to the retracted setting.
The displacement device 140 can further incorporate a second
driven or passive cam block 148 across the first platen 141
opposite the cam block 148, wherein the second cam block
148 engages a second tab 147 on the first platen 141 such that
the first platen 141 can be driven toward the second platen 142
in linear translation rather than in rotation (i.e. by pivoting
about a hinge).

[0040] In this implementation, the drive screw can be a
single lead acme screw, a double lead acme screw, or any
other suitable type of screw. The drive screw can be directly or
indirectly coupled to the actuator on one end, such as with a
flex coupling or a universal joint. The drive screw can be
further supported on an opposite end by a bushing or bearing,
such as mounted to the substrate 110 opposite the tactile layer
120 or mounted to the housing of the electronic device that
includes the dynamic tactile interface. The cam block 148 can
include a circumferential or partial nut that engages one or
more threads of the drive screw, or the cam block 148 can
include a tab 147 that engages a trough in the lead screw
thread to drive the cam block 148 fore and aft as the drive
screw rotates. The actuator can be rigidly mounted to the
substrate no opposite the tactile layer 120 or mounted to the
housing of the electronic device that includes the dynamic
tactile interface. For example, the actuator can be bonded to
the back of the substrate no with an epoxy-based adhesive.
Alternatively, the actuator can be flexibly mounted, such as
retained by a soft (e.g., rubber) motor mount that accommo-
dates blemishes within the drive train as the lead screw 145
rotates. However, the lead screw 145, cam block 148, and
actuator can interface and can be mounted in any other suit-
able way within the dynamic tactile interface and/or within
the electronic device to manipulate fluid into and/or out of the
fluid channel 112.

[0041] In this implementation, the actuator can be an elec-
tric motor selected to meet a requisite torque required to
compress and/or stretch the reservoir 130, to meet a requisite
transition time between the retracted and expanded settings
for one or more deformable regions, for a peak or constant
supplied voltage, current, or power limit from the electronic
device, to limit stress on the reservoir 130 or the substrate no,
etc. For example, the actuator can be selected to enable tran-
sition between the retracted and expanded setting at the
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deformable region 122 within two seconds. Alternatively, the
actuator can be selected to enable displacement of 1 mL per
second, to match a 3V nominal power supply within the
electronic device, for a maximum stall current of 100 mA, or
for a peak torque of 1 mNm. The actuator can also be an
electric gearhead motor with a gear ratio matched to the pitch
of the drive screw to meet one or more of the foregoing
criteria. For example, the drive screw 145 can be a lead screw
with a 0.025" pitch and the motor can include a planetary
gearhead that converts a nominal motor speed of 20,000 rpm
to 400 rpm, thus displacing the cam block 148.5" every three
seconds. Alternatively, the actuator can be a shape memory
alloy (e.g., nitinol) motor, a piezoelectric motor, or any other
suitable type or size of actuator with or without a geared
output.

[0042] As described above, the guide channel 146 can be a
linear guide channel. Alternatively, the guide channel 146 can
be curvilinear or sinusoidal. For example, the guide channel
146 can include a half-sinusoid section that terminates at each
end with a linear segment, as shown in FIG. 4. In this
example, a first linear segment of the guide can correspond to
the retracted setting, a second linear segment opposite the
half-sinusoid can correspond to the expanded setting,
wherein the first and second linear segments fully support the
tab 147 or cam follower coupled to the first platen 141 such
that the actuator does not draw power to hold the deformable
region 122 in either the retracted setting or the expanded
setting. The actuator can thus draw power only drive tab 147
across the half-sinusoid section.

4.1.B Bladder Reservoir & Hinged Platens

[0043] Inasecond implementation of the reservoir 130 that
includes a bladder arranged between a first and a second
platen 142, the displacement device 140 includes an electric
gearhead motor with an eccentric drive pin 241 configured to
engage an elongated slot 242 in a tab 147 extending from a
first platen 141 pivotably mounted to the second platen 142
(or to another component within the dynamic tactile interface
and/or electronic device), as shown in FIGS. 6A and 6B. In
this implementation, a first arcuate position of the eccentric
drive pin 241 can correspond to the retracted setting, and a
second arcuate position of the eccentric drive pin 241 can
correspond to the retracted setting. For example, the first and
second arcuate positions can be offset by 180°, and the eccen-
tric drive pin 241 translate from a first linear position to a
second linear position and back to the first linear position
within the elongated slot 242 as the output shaft 146 of the
motor rotates through a 180° arc, as shown in FIG. 6A. In
particular, in this example, as the output shaft 146 of the
motor rotates, the eccentric drive pin 241 first moves toward
the innermost end of the elongated slot 242 in the tab, thus
decreasing the angle between the first and second platens. At
approximately 90° from the first arcuate position, the motor
applies a peak torque to the tab, and the eccentric drive pin
241 begins to move back toward the outermost end of the
elongated slot 242. The output shaft 146 of the motor contin-
ues to rotate to the second arcuate position 180° from the first
arcuate position at which point the motor stops, as shown in
FIG. 6B.

[0044] In this implementation, the length of the elongated
slot 242 and the position of the centerline of the motor relative
to the slot can be such that the eccentric drive pin 241 reaches
alinear displacement limit within the elongated slot 242 at the
outmost end of the elongated slot 242 at the first position and
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the second position that is 180° offset from the first position.
The elongated stop can thus brake the motor at the limits of
the expanded and retracted settings. As shown in FIG. 2, a
motor controller 148 (and/or processor) electrically coupled
to the motor can further measure current draw of the motor
and determine that the motor has reached an endstop when the
actual current draw exceeds a threshold current draw, and the
motor controller 148 can cut power to the motor accordingly.
Alternatively, the motor or motor output shaft 146 can be
coupled to an encoder, limit switch, potentiometer, or other
sensor that feeds position data to the motor controller 148
(and/or processor) to identify travel limits of the motor output
shaft 146 and/or offset shaft.

[0045] In this implementation, the length of the elongated
slot 242 and the position of the centerline of the motor relative
to the slot can also be such that the eccentric drive pin 241 is
limited to less than 180° of rotation. Generally, the length of
the elongated slot 242 and the position of the centerline of the
motor relative to the slot can define maximum travel limits of
the eccentric drive pin 241 such that a force applied to the first
platen 141 by the reservoir 130 translates into substantially no
torque applied to the eccentric drive pin 241 by the tab 147 or
the elongated slot 242 in either the expanded or retracted
settings. This configuration can enable the displacement
device 140 to maintain both the expanded and retracted set-
tings substantially without additional power draw from the
motor.

[0046] The gearhead motor can be configured to move from
one extreme travel position to an opposite extreme travel
position (e.g., 180° of rotation or less) within a desired setting
transition time. For example, the gearhead motor can com-
plete a full rotation in six seconds and slightly less than 180°
of rotation slightly less than three seconds. In this example,
the motor can include a gearhead that converts a nominal
motor speed of ~20,000 rpm to ~360 rpm with a 56:1 plan-
etary gear set.

4.1.C Bladder Reservoir & Four-Bar Linkage

[0047] In a third implementation of the reservoir 130 that
includes a bladder arranged between a first and a second
platen 142, the displacement device 140 includes a set of
linkages that couple to the first and second platen to form abar
linkage such that the first platen 141 moves parallel to the
second platen 142 as the displacement device 140 transitions
the deformable region 122 between settings. The displace-
ment device 140 further includes a rotary actuator 143, a lever
arm, and a lead screw coupled to the lever arm via a nut 144,
and the lead screw and the lever arm can to translate rotary
motion of the actuator into translation of the first platen 141
relative the second platen 142, as shown in FIG. 7.

4.1.D Bladder Reservoir & Guide Channel

[0048] In a fourth implementation similar to the third
implementation of the reservoir 130 that includes a bladder
arranged between a first and a second platen 142, the dis-
placement device 140 includes a carriage with offset guide
channels 144, each guide channel 144 configured to engage a
tab 147 extending from the first platen 141. The displacement
device 140 further includes a motor, lead screw, lever arm,
and/or nut 144 configured to displace the first platen 141
along the guide channel 144 to reduce or increase the distance
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between the parallel faces of the first and second platens, thus
compressing and stretching the reservoir 130, respectively, as
shown in FIG. 4.

[0049] As described above, the guide channels 144 can
define linear guide channels 144. Alternatively, the guide
channels 144 can be curvilinear or sinusoidal in section, such
as described above. The guide channels 144 can also be
identical and offset to enable broad faces of the first and
second platens to remain parallel between settings, or the
guide channels 144 can be dissimilar such that broad faces of
the first and second platens translate linearly and arcuately
between settings.

[0050] In the third and forth implementations of the first
variation, the actuator can be an electric gearhead motor or
any other suitable type of motor, and the drive screw can be an
acme lead screw or any other suitable type of lead screw. The
motor can be directly or indirectly coupled to the drive screw
(e.g., via a flex coupling or a universal joint), and the drive
screw can directly engage the carriage or the first platen 141
or engage the first platen 141 via a lever arm, nut 144, or other
suitable component.

[0051] However, the displacement device 140 of the fore-
going implementations can include any other component and
define any other configuration to manipulate the reservoir 130
to thereby transition the deformable region 122 between
retracted and expanded settings. The dynamic tactile inter-
face can also include any number of similar or dissimilar
displacement devices and/or reservoirs configured to transi-
tion a multiple fluidly coupled or fluidly discrete deformable
regions between expanded and retracted settings.

4.2 Bellows

[0052] Inanother variation of the dynamic tactile interface,
the reservoir 130 includes a bellows 245 configured to hold
fluid, as shown in FIGS. 8A and 8B. The bellows 245 can be
fluidly coupled to the fluid channel 112 via a junction block
343, barb, and/or via, etc., and the combination of any of the
foregoing components with the fluid channel 112, the fluid
conduit 114, the bellows 245, and the deformable region 122
can define a sealed and enclosed fluid system.

[0053] In one implementation, the bellows 245 includes a
metallic structure, such as a stainless steel, electron-beam
welded structure. Alternatively, the bellows 245 can be a
plastic or polymer structure, such as a blow-molded PVC
structure. The bellows 245 can be circular in cross section,
rectangular in cross section, or of any other suitable cross
section. The bellows 245 can also be elongated, squat, or of
any other suitable form or geometry. Furthermore, like the
bladder described above, the bellows 245 can be sized for a
requisite total fluid displacement between retracted and
expanded settings.

[0054] In this second variation of the reservoir 130 that
includes a bellows 245, the displacement device 140 can
include a linear actuator that advances and retracts the bel-
lows 245 to expand and retract the deformable region 122,
respectively. The linear actuator of the displacement device
140 can include a rotary actuator 143 coupled to any one or
more of abellcrank, a cam, a lead screw paired with a nut 144,
or any other suitable device configured to translate rotary
motion into linear motion, as shown in FIG. 8A. Alternatively,
the linear actuator can be a linear motor, a solenoid, or any
other suitable type of actuator. Generally, the bellows 245 can
be captured on one end, and the linear actuator can apply a



US 2014/0160044 A1

compressive and/or tensile force to the opposite end of the
bellows 245 to manipulate the internal volume of the bellows
245.

[0055] The displacement device 140 can also include a
carriage that maintains alignment of the bellows 245 through-
outits travel. The carriage, bellows 245, and/or linear actuator
(e.g., rotary actuator 143 and mechanism) can further include
a mechanical stop at each end of a desired travel limit such
that a linear actuator controller (and/or processer) can moni-
tor current draw of the linear actuator to determine the posi-
tion thereof, as described above. In one example, the bellows
245 can be a squat round bellows 245 coupled to a rotary
actuator 143 via a lead screw and bellcrank, wherein endstops
arranged on the lead screw define travel limits of the displace-
ment device 140 and bellows 245. In another example, a first
end of the bellows 245 is fixed (e.g., rigidly coupled to the
substrate no, such as through the touch sensor and/or the
display 150), and a second end of the bellows 245 opposite the
first end runs in a track parallel to the axis of the bellows 245.
In this example, a lead screw is arranged parallel and offset
from the track, is supported near the first end of the bellow,
and runs through a nut 144 coupled to the second end of the
bellows 245. Thus, in this example, the actuator 143 spins the
lead screw to drive the second end of the bellows 245 toward
and away from the first end to expanded and retract the
deformable region 122, respectively.

[0056] However, the reservoir 130 that includes a bellows
245 can be implemented in any other way and can be manipu-
lated between settings in any other way and by any other
suitable displacement device to transition the deformable
region 122 between settings.

4.3 Coiled Tube

[0057] Inanother variation of the dynamic tactile interface,
the reservoir 130 includes a tube defining a first end fluidly
coupled to the fluid channel 112 and constrained relative to
the substrate no, and the displacement device 140 includes a
rotary actuator 143 coupled to the tube 341 remote from the
first end and configured to transition the deformable region
122 from the retracted setting to the expanded setting by
winding the tube 341 to displace a portion of the volume of
fluid 170 within the tube 341 into the fluid channel 112.
[0058] For example, in this variation, the reservoir 130 of
the dynamic tactile interface includes: a tube 341 including a
first end and a second end opposite the first end, the first end
constrained and defining an outlet; a cap 349 coupled to the
second end of the tube 341. In this example, the volume of
fluid 170 is arranged within the tube 341. Furthermore, the
displacement device 140 includes: a rotary actuator 143
including an output shaft 146 coupled to the second end of the
tube 341 and configured to wind the tube 341 to displace a
portion of the volume of fluid 170 from the tube 341; and a
balance spring 247 coupled to the second end of the tube 341
and configured to balance a torque applied by the tube 341 to
the output shaft 146 of the rotary actuator 143.

[0059] In this third variation of the dynamic tactile inter-
face, the tube 341 can be fluidly coupled at the first end to the
fluid channel 112 via a barb, junction block 343, or secondary
tube, etc. to define a sealed and enclosed fluid system with the
fluid channel 112, the fluid conduit 114, and the deformable
region 122, as shown in FIGS. 9A and 9B. The actuator 143 of
the displacement device 140 can thus twist the tube 341,
thereby constricting the interior wall of the tube 341, reducing
the internal volume of the tube 341, and displacing fluid out of
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the tube 341 and into the fluid channel 112 to transition the
deformable region 122 into the expanded setting. The tube
341 can therefore be of an elastic or elastomeric material,
such as silicone rubber, latex, or PVC, such that the tube 341
can be reliably and repeatedly twisted without substantial
plastic (i.e. permanent) deformation.

[0060] In one example implementation, the tube 341
defines a smooth tube of a constant circular cross section and
wall thickness along its length. In another example imple-
mentation, the tube 341 is internally and/or externally ribbed
or corrugated, which aids the tube 341 in returning to an initial
uncoiled (i.e., untwisted) state. In yet another example imple-
mentation, the tube 341 includes an elastic tubular core inset
within a metallic coil spring. In a similar example implemen-
tation, the tube 341 includes a metallic coil spring encased in
an elastomer to enclose an internal inside the metallic coil
spring. For example, the tube 341 can include an internal or
external stent configured that winds with the tube 341 and is
configured to return the tube 341 to an unwound state once a
torque is released from the tube 341. The tube 341 can simi-
larly include linear and/or coiled shape memory elements
embedded within a pliable tubular core of one or more elas-
tomeric materials. For example, the tube 341 can be a silicone
rubber tube with a shape-memory alloy (SMA) wire coil
shallowly embedded in the external surface of the tube 341.
[0061] Thetube 341 canalso define a varying cross-section
and/or geometry along its length to control location of an
initial fold (i.e., coil) in the tube 341 as the actuator 143 begins
to wind the tube 341 from a fully-uncoiled position. The
cross-section and/or geometry of the tube 341 can further
control propagation of folds along the tube 341 as the actuator
143 further winds the tube 341. In particular, the cross-section
and/or geometry of the tube 341 can initiate a first fold at the
second end of the tube 341 with each subsequent fold propa-
gating sequentially and adjacent a previous fold as the tube
341 is wound, thereby displacing fluid fully from the second
end of the tube 341 to the first end of the tube 341 and into the
fluid channel 112. Such cross-section and/or geometry can
substantially prevent capture of fluid between two folds in the
tube 341, which may otherwise limit the maximum displace-
ment capacity of the tube 341 and/or cause the tube 341 to
rupture from increased fluid pressure between two folds.
[0062] In one example implementation, the tube 341
defines a circular cross-section along its length with a flat
section of a second width on the exterior of the tube 341 at its
second end. In this example implementation, the flat section
tapers down to a first width less than the second width proxi-
mal the first end of the tube 341. Thus, in this example
implementation, the maximum hoop stress that the tube 341
can withstand before buckling can be less at the second end
than at the first end such that the tube 341 first buckles—to
yield a first fold—at the second end and continues to buckle
along sequential sections of the tube 341. In this example
implementation, the tube 341 can define additional tapered
planar sections along its exterior (and/or interior). For
example, the tube 341 can define an octagonal external cross-
section at the second end, which transitions into a circular
external cross-section at the first end.

[0063] In another example implementation, the tube 341
defines a trough or U-shaped cross-section at the second end,
which transitions into a square or circular cross-section
toward the first end of the tube 341. In this implementation,
the trough can create a weakest region in the tube 341 (e.g., a
linear section of the tube 341 capable of a maximum hoop
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stress less than any other linear section of the tube 341)
proximal at the second end such that the second end of the
tube 341 is first to buckle or coil as the actuator 143 winds the
tube 341 from a fully-unwound state.

[0064] In yet another example implementation, the tube
341 defines a circular cross-section that tapers from a first
external diameter at the first end to a second external diameter
less than the first external diameter at the second end. In this
example implementation, the tube 341 can define a constant
wall thickness along its length. Furthermore, the wall thick-
ness of the tube 341 can taper from a first thickness proximal
the first end to a second thickness less than the first thickness
proximal the second end. In this example implementation, the
tube 341 can thus be ‘weakest’ at the second end can capable
of' withstanding a maximum hoop stress before buckling that
increases along the length of the tube 341 from the second end
toward the first end. This configuration can thus yield prefer-
ential coiling of the tube 341 starting at the second end of the
tube 341 and moving linearly along the tube 341 toward the
first end as the actuator 143 winds the tube 341.

[0065] Inthe foregoing example implementation, the inter-
nal diameter of the tube 341 can taper from a first diameter at
the first end to a second diameter less than the first diameter at
the second end. Alternatively, the internal diameter of the tube
341 can taper from a first diameter at the first end to a second
diameter greater than the first diameter at the second end. In
this implementation, the tube 341 can displace a volume of
fluid 170 per coil or per linear section of the tube 341 that is
greater at the second end than at the first end of the tube 341.
Thus, as the actuator 143 winds the tube 341, the resolution of
volume displacement from the tube 341 can increase as addi-
tional fluid is pumped out of the tube 341 and into the fluid
channel 112. In particular, the actuator 143 can rotate (at
substantially constant speed) to first coil the second end of the
tube 341 to quickly inflate the deformable region 122 from the
retracted setting and then progressively coil subsequent sec-
tions of the tube 341 toward the first end to achieve a specific
volume displacement from the tube 341 with smaller and
smaller volumes of fluid displaced as additional sections of
the tube 341 are coiled.

[0066] In yet another implementation, the tube 341 is
pinched proximal the second end. For example, the reservoir
130 can include a crimp, a clamp, or a band that constricts the
tube 341 locally proximal the second end to cause the tube
341 to wind first at the second end. Alternatively, the tube 341
can be formed or reformed with a first coil proximal the
second end. However, the tube 341 and/or the reservoir 130
can include any other feature or be of any other geometry to
control a site of first coiling on the tube 341 when the dis-
placement device 140 first winds to the tube 341 to transition
the deformable region 122 from the retracted setting to the
expanded setting.

[0067] The tube 341 can also be of a coiled geometry, such
as a densely-wrapped coil or a loosely-wrapped coil. Further-
more, the tube 341 can also be housed in a substantially rigid
sheath or coil that prevents the tube 341 from folding over
itself when twisted and/or released. For example, the tube 341
can be arranged within an elongated housing of internal cross-
section that accommodates enough offset from the tube 341 to
allow the tube 341 to coil once when twisted but that prevents
the coiled section of the tube 341 from coiling back on them-
selves. For example, the internal width and/or diameter of the
housing can be approximately twice the external diameter of
the tube 341. As described above, the reservoir 130 can also
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include a cap 349 that closes the second end of the tube 341
and functions as a junction between the tube 341 and the
rotary actuator 143. For example, the cap 349 can include a
crimp fitting that locks into the second end of the tube 341,
and the cap 349 can further include a keyed or splined bore
that slips over an output shaft 146 of the actuator 143 to
transfer torque from the actuator 143 into the tube 341. How-
ever, the tube 341 can be of any other form, geometry, cross
section, and/or material.

[0068] As described above, in this variation, the displace-
ment device 140 includes a rotary actuator 143 configured to
twists the tube 341, thereby displacing fluid out of the tube
341 and into the fluid channel 112. For example, the actuator
143 can include a gearhead motor with output shaft 146
coupled to the tube 341, such as via the cap. Actuation of the
gearhead motor in a first arcuate direction can thus twist the
tube 341, causing it to coil and reducing its internal volume.
Similarly, actuation of the gearhead motor in a second—
opposite—arcuate direction can unwind the tube 341,
enabling fluid to flow back into the tube 341. The actuator 143
can be an electric motor, an electric gearhead motor, a rotary
solenoid, a stack of doped latex tubes, or any other suitable
actuator.

[0069] Alternatively, in an application of the dynamic tac-
tile interface 100 within a computing device defining multiple
configurations (e.g., a “flip phone” or a “slide phone™), a
hinge, track, or other mechanism within the computing device
can be coupled to the second end of the tube 341. Thus, in this
application, a force or torque applied (e.g., manually) to the
computing device to transition the computing device between
configurations can be transmitted into the tube 341 to twist the
tube, thereby transitioning the deformable region between
settings. The second end of the tube 341 can also be coupled
to a power transmission component that translates a manual
input directly into the tube 341 to manipulate fluid into and/or
out of the tube. However, the second end of the tube can be
coupled to any other type of manual, electromechanical,
pneumatic, or other actuator or power transmission compo-
nent.

[0070] Inone example implementation, the actuator 143 is
mounted at a fixed distance from the first end of the tube 341
such that the length of the tube 341 remains substantially
constant as it is coiled and uncoiled. Alternatively, the actua-
tor 143 can be configured to move along a linear slide parallel
to an axis of the tube 341 to accommodate a change in length
of'the tube 341 as the tube 341 is coiled and uncoiled, thereby
limiting axial tension in the tube 341, as shown in FIGS. 9A
and 9B. In this example implementation, the actuator 143 can
be coupledto a spring 246 (e.g., a coil spring) that tensions the
tube 341 via the actuator 143 to retract the actuator 143 once
power is cut from the actuator 143 or when the actuator 143 is
reversed to uncoil the tube 341 from a twisted state. For
example, the spring 246 can include a coil spring coupled to
the actuator 143 at a far side of the actuator 143 opposite the
second end of the tube 341 and coupled to the substrate 110
opposite the first end of the tube 341. Thus, as the tube 341
coils and shrinks in length, the spring 246 can clongate,
increasing tension on the tube 341 to return the tube 341 to the
uncoiled state. Alternatively, the spring 246 can include a coil
spring arranged over the tube 341 with its axis coincident with
the axis of the tube 341, the coil spring acting directly on the
rotary actuator 143. Thus, as the tube 341 coils and shrinks in
length, the spring 246 can compress, increasing a restorative
force applied to the actuator 143 to tension the tube 341.
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Similarly, a spring can be directly coupled to the second end
of the tube 341 to tension the tube 341 as it is wound, and the
cap 349 and include an internal or external spline. The actua-
tor 143 can thus be coupled to the cap 349 via a splined shaft
that engages the spline of the cap 349 such that the cap 349
can translate relative to the actuator 143 as the tube 341 is
wound. However, for the actuator 143 than moves along a
track or for the second end of the tube 341 that translates
relative to the rotary actuator 143, the spring 246 can be any
other suitable type of spring arranged in any other way to
tension the tube 341 to return the tube 341 to an uncoiled state
when the actuator 143 releases torque on the tube 341 and/or
reverse in direction to uncoil the tube 341.

[0071] The displacement device 140 can also include a
balance spring 247 configured to balance a torque applied by
the tube 341 to an output shaft 146 of the rotary actuator 143.
In particular, the balance spring 247 can apply a moment to
the output shaft 146 of the actuator 143 that is substantially
equal and opposite to a moment applied to the output shaft
146 of the actuator 143 for at least one uncoiled positions of
the tube 341. For example, when the tube 341 is in half-coiled
state (i.e., tube is wound along half of its length), the balance
spring 247 can fully balance a torque applied to the output
shaft 146 of the actuator 143 by the tube 341. Thus, the
balance spring 247 can reduce (e.g., halve) a maximum
torque that the actuator 143 must output to wind the tube 341
throughout the possible coiled and uncoiled positions of the
tube 341.

[0072] In one configuration, the actuator 143 includes an
electric motor with a common output shaft 146 passing
through end ofthe motor. In this configuration, the tube 341 is
coupled to output shaft 146 at a first side of the motor, and the
balance spring 247 is coupled to the output shaft 146 at the
opposite end of the motor and fixed at a far end remote from
the first end of the tube 341 with the axis of the balance spring
247 substantially coincident with the axis of the tube 341.
During installation, with the tube 341 fully unwound, the
balance spring 247 can be preloaded to apply a torque to the
output shaft 146 of the actuator 143 such that the balance
spring 247 cancels a torque applied to the actuator by the tube
341 when the tube 341 is half-coiled. In this configuration, the
balance spring 247 can include a second tube 342, such as
substantially similar to the (first) tube—which contains fluid,
though the second tube 342 can be devoid of fluid. Alterna-
tively, the balance spring 247 can include a metallic coil
spring, though the balance spring 247 can include any other
suitable type of spring of any other suitable material.

[0073] In a similar configuration, the balance spring 247
can be directly coupled to the second end of the tube 341. For
example, the cap 349 of the tube 341 can define a junction
between the tube 341 and the balance spring 247. In one
example implementation, the cap 349 defines a toothed gear,
and the output shaft 146 of the actuator 143 is coupled to a
pinion that engages the toothed gear to wind the tube 341 and
the balance spring 247, as shown in FIG. 13. Alternatively, the
actuator 143 can be coupled to the cap 349 of the tube 341 via
a shaft that passes through the balance spring 247, as shown in
FIG. 12.

[0074] In another configuration, the balance spring 247
includes a second tube 342 substantially identical to the (first)
tube but, unlike the tube 341, devoid of fluid. In this configu-
ration, the first end of the tube 341 is coupled to a junction
block 343 via a barb in fluid communication with the fluid
channel 112, and the second tube 342 is preloaded and simi-
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larly coupled to the junction block 343 at a first end. The
output shaft 146 of the actuator 143 is further coupled directly
to the cap 349 at the second end of the tube 341, and the cap
349 (or the output shaft 146) includes (or is coupled to) a first
pinion that engages a second pinion coupled to a second end
of the second tube 342 adjacent the second end of the (first)
tube. In this example, the first and second pinions can include
an identical number of gears to yield a gear ratio of 1:1. Thus,
as the actuator 143 twists the (first) tube in a first direction to
wind the tube 341, the second tube 342 can be equally
unwound in an opposite direction to balance a torque applied
to the actuator 143 by the (first) tube.

[0075] In this foregoing configuration, the balance spring
247 can alternatively include a coil spring (shown in FIG. 13),
a torsion bar, or other suitable component to mechanically
store energy to balance a moment applied to the actuator 143
by the tube 341, and the balance spring 247 can be geared or
otherwise coupled to the tube 341 in any other way and at any
other ratio control transmission of torque from the balance
spring 247 into the tube 341 and/or into the rotary actuator
143.

[0076] As shown in FIG. 14, the displacement device 140
can additionally or alternatively include a ratchet and pawl
mechanism configured to lock a position of the second end of
the tube 341 relative to the first end of the tube 341. In
particular, once a target volume of fluid 170 is displaced from
the tube 341, the ratchet 346 and pawl mechanism can latch to
hold the position of the second end of the tube 341 such that
the power to the actuator 143 can be cut without unwinding
the tube 341. In one example, the pawl 345 is coupled to the
actuator housing (or to an actuator mount) via a clutch 347,
and the ratchet 346 is coupled to the output shaft 146 of the
actuator. In this example, with the tube 341 fully unwound, as
the output shaft 146 of the actuator 143 begins to rotate in a
first direction to wind the tube 341, the clutch 347 moves the
pawl 345 into a lock position. As the output shaft 146 of the
actuator 143 continues to rotate in the first direction the pawl
345 skips over the rotating ratchet. Once the actuator 143
stops, energy stored in the coiled tube is released as a torque
applied to the output shaft 146 of the actuator 143 in a second
direction opposite the first direction. However, as the tube 341
begins to unwind, the pawl 345 engages the ratchet 346 and
locks the arcuate position of the ratchet 346 and thus the
coiled position of the tube 341. Power to the actuator 143 can
thus cease as the deformable region 122 is held in the
expanded setting. To transition the deformable region 122
back to the retracted setting, the output shaft 146 of the
actuator 143 can begin to rotate in the opposite direction,
which causes the clutch 347 to release the pawl 345 from the
ratchet 346. The tube 341 can thus unwind passively, or the
actuator 143 can actively return the tube 341 to an unwound
state. However, the ratchet 346 and the pawl 345 can be
arranged in any other configuration and can function in any
other way to latch an arcuate position of the output shaft 146
of'the actuator 143 and therefore a coiled position of the tube
341.

[0077] Inanother implementation, the displacement device
140 includes a static endplate 542 and a friction plate 541 that
cooperate to lock the arcuate position of the output shaft 146
of the actuator 143 and therefore the wound position of the
tube 341 in the expanded setting, as shown in FIGS. 15A and
15B. Like the pawl 345 and ratchet mechanism described
above, once a target volume of fluid 170 is displaced from the
tube 341, the friction plate 541 can latch to the endplate 542
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to hold the position of the second end of the tube 341 such that
the power to the actuator 143 can be cut without unwinding
the tube 341, such as to extend a battery life of the electronic
device incorporating the dynamic tactile interface. For
example, the friction plate 541 can be mounting on the output
shaft 146 of the actuator 143 with a threaded shaft 145 extend-
ing out away from the actuator 143 toward the second end of
the tube 341. The endplate 542 can be coupled to the substrate
no (e.g., via the touchscreen or a chassis within the electronic
device) and arranged between the friction plate 541 and the
tube 341 with the threaded shaft 145 engaging a threaded bore
(or nut 144) passing through the endplate 542. In this
example, with the tube 341 fully unwound, the friction plate
541 is offset from the endplate 542, as shown in FIG. 15A. As
the output shaft 146 of the actuator 143 begins to rotate in a
first direction to wind the tube 341, the threaded shaft 145
rotates in the threaded bore, advancing the friction plate 541
toward the endplate 542 according to a pitch of the threaded
shaft 145 and threaded bore. As the friction plate 541 makes
contact with the endplate 542, the mating surfaces bind, lock-
ing the arcuate position of the output shaft 146. The friction
plate 541 and the endplate 542 thus latch the coiled position of
the tube 341 to maintain the deformable region 122 in the
expanded setting without sourcing additional power to hold
the rotary actuator 143, as shown in FIG. 15B. To transition
the deformable region 122 back to the retracted setting, the
actuator 143 applies a torque to the friction plate 541 to
release the friction plate 541 pawl from the endplate 542. The
actuator 143 then continues to rotate in the second direction to
return the tube 341 to an unwound state.

[0078] In this implementation, the initial distance between
the friction plate 541 and the endplate 542 in the fully-un-
wound position of the tube 341 can define a preset number of
rotations of the output shaft 146 before the friction plate 541
locks to the endplate 542—and therefore a preset or target
number of coils or windings in the tube 341 in the expanded
setting. Furthermore, in this implementation, the position of
the endplate 542 and/or the position of the friction plate 541
can be set and adjusted manually. For example, a set screw
can be accessed with a wrench through a external housing or
body of the electronic device incorporating the dynamic tac-
tile interface, and the set screw can be rotated to linearly
translate the endplate 542 toward or away from the friction
plate 541 or to adjust the arcuate position of the friction plate
541 on the threaded shaft 145. Alternatively, this adjustment
can be made during initial assembly of the electronic device
or after disassembly of the electronic device to tune the
height, size, shape, and/or firmness, etc. of the deformable
region 122 in the expanded setting, as the position of the
friction plate 541 relative to the endplate 542—and therefore
the number of turns of the second end of the tube 341 to drive
the friction plate 541 into endplate 542—defines a maximum
displacement of fluid from the tube 341. Also, in this imple-
mentation, the dynamic tactile interface can include a second
endplate 542 arranged adjacent the friction plate 541 opposite
the endplate 542, which can similarly define an arcuate posi-
tion of the second end of the tube 341 in the retracted setting
as the friction plate 541 is driven away from the endplate 542
and into the second endplate 542. However, the friction plate
541 and the endplate 542, etc. can be arranged in any other
configuration and can function in any other way to latch an
arcuate position of the output shaft 146 of the actuator 143
and therefore a coiled position of the tube 341 to maintain the
deformable region 122 in the expanded setting.
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[0079] In the foregoing variations, the dynamic tactile
interface can includes a motor controller 148 (and/or proces-
sor) configured to monitor current draw of the actuator 143
and to correlate the current draw with a coiled position of the
tube 341. In particular, the motor controller 148 can correlate
a current draw from the actuator 143 with a volume of fluid
170 displaced from the tube 341 and control an arcuate posi-
tion of the output shaft 146 of the actuator 143 accordingly.
For example, the motor controller 148 (and/or processor) can
implement a lookup table to associate a particular current
draw or range of current draws at the actuator 143 with a
particular volume of fluid 170 displacement from the tube
341. Alternatively, in the implementations above in which the
dynamic tactile interface includes a friction plate 541 and an
endplate 542, the motor controller 148 can correlate a rapid
increase in current draw at the actuator 143 with engagement
of the friction plate 541 with the endplate 542 and cut power
to the actuator 143 accordingly. Similarly, the motor control-
ler 148 can implement closed loop feedback control to move
the output shaft 146 of the actuator 143 to an arcuate position
associated with a minimal current draw, which can corre-
spond to a fully-unwound state of the tube 341—and the
retracted position at the deformable region 122. Additionally
or alternatively, the motor controller 148 can interface with a
pressure sensor fluidly coupled to the fluid channel to monitor
fluid pressure with the fluid channel 112, to estimate the
volume of fluid 170 displacement from the reservoir 130
accordingly, and the control the position of the actuator 143
based on the estimate fluid displacement. However, the motor
controller 148 (and/or the processor) can function in any other
way to control the actuator 143 to achieve a target volume
displacement from the tube 341 and/or target fluid pressure
within the fluid channel 112.

[0080] Furthermore, the displacement device 140 can
incorporate any combination of the foregoing components or
subsystems, such a pawl 345 and ratchet mechanism with a
balance spring 247 or a friction plate 541 and endplate 542
with a rotary actuator 143 that translates linearly along linear
track 248. However, in this variation of the reservoir 130 that
includes a tube 341, the reservoir 130 and the displacement
device 140 can be of any other form and/or geometry and
include any other component or subsystem to displace fluid
out of the reservoir 130 and into the fluid channel 112 to
transition the deformable region 122 from the retracted set-
ting to the expanded setting.

4.4 Coiled Tube Variations

[0081] In avariation similar to the foregoing, the reservoir
130 includes a linear tube coupled at a first end to an inlet of
the fluid channel 112 and coupled at a second end to an outlet
of the fluid channel 112, wherein the fluid conduit 114 is
arranged between the inlet and the outlet of the fluid channel
112. A valve (e.g., a check valve, a one-way valve, a bi-state
valve) can be arranged at each of the first end and the second
end of the tube 341, and the valves can be fixed to enable fluid
to fluid into the second end and out of the first end of the tube
341 such that the output shaft 146 of the actuator 143 can
oscillate (e.g., clockwise 360° and then counterclockwise
360° and back) to induce flow through the tube 341. For
example, the first end of the tube 341 can be fixed to the
substrate 110, such as via a junction block 343, and the second
end ofthe tube 341 can be coupled to a geared barb such that
the actuator 143 can apply a torque to the barb to twist the tube
341. The tube 341, valves, and rotary actuator 143 can thus
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cooperate to produce continuous circulating flow. In this con-
figuration, the displacement device can include a bi- or tri-
state valve that opens one end of the tube 341 to a second
reservoir or to ambient air such that the tube 341 can draw
fluid or air from the second reservoir or ambient, respectively,
and into the fluid channel to transition the deformable region
122 into the expanded setting. Selective actuation of the
valves can also enable the displacement device to pump fluid
or air out of the fluid channel and into the second reservoir or
exhausted to ambient to transition the deformable region back
into the retracted setting.

[0082] In a similar configuration, valves can be transiently
set in a first state to enable flow only out ofthe tube 341. In this
configuration, the tube 341 can include any of the foregoing
features described above to yield preferential initial buckling
and coiling of the tube 341 near its longitudinal center such
that, when the actuator 143 first applies a torque to the tube
341, the tube 341 coils at its longitudinal center with addi-
tional coils subsequently forming on each side of the longi-
tudinal center to drive fluid out of each end of the tube 341.
Thus, once the deformable region 122 is fully expanded,
power to the actuator 143 can be cut, as the valves prevent
fluid from draining back into the tube 341. (At this stage, the
actuator 143 can also be actively driven in reverse to control
uncoiling of the tube 341.) To retract the deformable region
122, the state of the valves can be switched to allow fluid only
to drain back into the tube 341, and the actuator 143 can also
be actively driven in reverse to uncoil the tube 341, or the tube
341 can uncoil passively to draw fluid back from the fluid
channel 112. Therefore, in this configuration, fluid can be
pumped from the tube 341 into the multiple inlets at the
substrate 110, which can yield more uniform flow of fluid
through the fluid channel 112. Furthermore, for the tactile
layer 120 that includes multiple deformable regions, each
arranged over a fluid conduit coupled to the fluid channel 112,
this configuration can further yield more uniform transition of
the deformable region(s) 122 as more uniform fluid flow,
higher flow rates, and/or higher fluid pressures may be
enabled by the two fluid inlets over the single fluid inlet
described above.

[0083] For example, in the previous configuration(s), a first
valve can be arranged between ambient air and the tube, and
a second valve can be arranged between the tube and the fluid
channel. To pump fluid into the fluid channel to expand the
deformable region, within the tube fully unwound, the first
valve can be opened and the second valve closed to enable air
to fill the tube. The states of the valves can then switch, and the
actuator can wind the tube to displace air into the fluid chan-
nel. (The actuator can also begin to wind the tube before the
valve states switch to pre-pressurize the tube.) Once the tube
is sufficiently wound, the second valve to switch to a closed
state to hold air in the fluid channel. To pump additional air
into the fluid channel, the first valve can open and the actuator
can actively or passively unwind the tube to allow additional
air to fill the unwound tube. The first valve can then close, the
second valve then opened, and the tube further wound to
displace additional air into the fluid channel. To passively
remove air from the fluid channel, the actuator can unwind the
tube with the first and second valves open to exhaust air back
to ambient. However, to actively pump air out of the fluid
channel, the dynamic tactile interface can reverse the forego-
ing series of steps.

[0084] In another configuration, the second end of the tube
341 is open to ambient air, and the actuator 143 winds the tube
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341 to pump air from outside the electronic device into the
fluid channel 112 to transition the deformable region 122
between settings. Once wound, the tube 341 can seal air
inside the fluid channel to maintain the deformable region 122
in the expanded setting, and the actuator 143 can release the
tube, and the tube can unwind to release air from the fluid
channel 112, thereby releasing the deformable region 122 to
transition back to the retracted setting.

[0085] In the foregoing implementations, the valve(s) can
be any other suitable type of valve, such as a standard elec-
tromechanical bi-state (i.e., open or closed) valve. However,
the tube 341 can support fluid flow through each of'its first and
second ends and can cooperate in any other way with the
rotary actuator 143, valve(s), etc. to displace fluid into and/or
out of the fluid channel 112 to transition the deformable
region 122 between settings.

[0086] Generally, manipulation of the tube as described
above functions to both decrease an internal volume of the
tube and to store potential energy in the wall(s) of the tube (or
attached mechanical structure). In particular, by decreasing
the internal volume of the tube, fluid is displaced out of the
tube and into the fluid channel to transition the deformable
region into the expanded setting. Furthermore, by storing
energy in the wall(s) of the tube (and/or an attached mechani-
cal structure), the tube unwinds itself once torque or tension
on the tube is released, thereby returning to a larger-volume
state (and drawing fluid back into the tube). The tube can
therefore be manipulated as described above by twisting the
tube about the tube’s axis. Alternatively, the actuator can
stretch the tube along its axis (or perpendicular to its axis), the
internal volume of the tube thereby decreasing and the tube
storing potential energy from the displacement. In this con-
figuration, once the tube is released, energy stored in the walls
of the tube can move the tube back to its original length,
thereby drawing fluid back into the tube. In yet another con-
figuration, the tube can be wound about an axis perpendicular
to the axis of the tube. For example, the tube can be wound
around a spool like a fire hose to displace fluid out of the tube,
and the energy stored in the wall of the tube can cause the tube
to unwind from the spool once torque or tension on the spool
is released. However, the dynamic tactile interface can
include any other actuator that manipulates the tube in any
other way to change the internal volume of the tube and to
store energy in the wall of the tube and/or a connected
mechanical structure (e.g., a spring, etc.).

4.4 Peristaltic Pump

[0087] Inafourth variation of the dynamic tactile interface,
the reservoir 130 includes any of a fluid bladder, a tube 341, a
diaphragm, abellows 245, a static vessel, or any other suitable
vessel or container configured to hold fluid. The reservoir 130
is fluidly coupled to the fluid channel 112 via the displace-
ment device 140, which includes a peristaltic pump config-
ured to displace fluid into and out of the reservoir 130 to
transition the deformable region 122 between the expanded
and retracted settings, respectively.

[0088] Inoneexample implementation, the reservoir 130 is
partially defined by a portion of the substrate 110 opposite the
tactile layer 120. For example, the portion of the substrate 110
can include a recessed area or valley. A first open stage chan-
nel 442 connects the portion of the substrate 110 to a first
holding cavity 441 on the back surface of the substrate 110
proximal the portion of the substrate 110. A second open
stage channel 442 further connects the first holding cavity 441
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to a second holding cavity 441, and a third open stage channel
442 connects the second holding cavity 441 to a third holding
cavity 441. The holding cavities are arranged equidistant
from a common point, and the last (e.g., third) holding cavity
441 is fluidly coupled to the fluid channel 112, such as with a
fluid via 446 that passes through the substrate 110 to meet the
fluid channel 112, such as shown in FIG. 10A. An elastomer
layer 445 bonded to the back surface of the substrate no
encloses the portion of the substrate no to define the reservoir
130, encloses the open stage channels 442, and the encloses
the holding cavities to create a fully-enclosed fluid system
including the reservoir 130, multiple stage channels 442,
multiple holding cavities, the fluid channel 112, and the cav-
ity adjacent the deformable region 122.

[0089] In this example implementation, the displacement
device 140 further includes one tappet 443 retained over each
holding cavity 441, a displacement plate 447, and a rotary
actuator 143. The displacement plate 447 defines a channel in
the form of a ring torus canted off-axis from an axis of rotation
of'the displacement plate 447, such as shown in FIG. 1a. The
central diameter of the torus is sized such that the channel
engages and retains each tappet 443 over a respective cavity.
The actuator 143 (e.g., a gearhead motor with a bevel drive
output) drives the displacement plate 447 about its axis of
rotation, wherein high and low points of the torus-shaped
channel contact each tappet 443 in phase, thus causing the
tappets 443 to periodically and serially depress and release
the elastomer layer 445 over respective holding cavities.
Serial depression and release of the elastomer over the hold-
ing cavities can thus cause fluid pressure to build in the stage
channels 442 between holding cavities, and timed release of
tappets 443 via the displacement plate 447 can cause fluid to
flow through the stage channels 442 in a continuous direction
(i.e. out of the reservoir 130) as the actuator drives the dis-
placement plate 447 in a first direction of rotation. By revers-
ing the rotation of the actuator, the displacement device 140
can similarly change the direction of fluid flow through the
system.

[0090] This example implementation of the displacement
device 140 can include additional stages, such as a fourth
stage with a fourth stage channel 442 that fluidly couples a
fourth holding cavity 441 to the third holding cavity 441, such
as shown in FIG. 10A. Like the first, second, and third stages
described above, each additional stage can include a holding
cavity 441 arranged at a common distance from a shared
point. Furthermore, each additional stage can be sealed
within the enclosed fluid system by the elastomer layer 445,
and a tappet 443 can act on the corresponding holding cavity
441 through the elastomer layer 445.

[0091] The holding cavities can be hemispherical, such as
with a spherical radius substantially equivalent to the sum of
the spherical radius of a tappet 443 and the thickness of the
elastomer layer 445, such as shown in FIG. 10B. Alterna-
tively, the holding cavities can be cylindrical, conical, or
frustoconical in geometry, or the holding cavities can be of
any other suitable geometry.

[0092] The size and geometry of the tappets 443 can be
matched to the size and geometry of the holding cavities
and/or the thickness of the elastomer layer 445 over the hold-
ing cavities. Generally, a tappet 443 can be sized for substan-
tially minimal clearance between the elastomer layer 445 and
the corresponding holding cavity 441 such that fluid leakage
past the holding cavity 441 is substantially minimized when
the tappet 443 is fully depressed, such as in during a steady-
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state position (e.g., a fully-retracted setting, a fully-expanded
setting). The tappets 443 can also be of a substantially hard
material. For example, for the holding cavity 441 that is
substantially hemispherical, the tappets 443 can be stainless
steel or casehardened chromium-molybdenum steel ballbear-
ings. Alternatively, the tappets 443 can be cylindrical, coni-
cal, frustoconical, or any other suitable shape to match the
geometry of the holding cavities.

[0093] In a similar configuration, the displacement plate
447 is inverted and fixed with two stage channels 442 fluidly
coupled to an inlet and to an outlet through the displacement
plate 447. A second actuator plate is arranged over the dis-
placement plate 447, rotates around a center of the stationary
displacement plate 447, and retains tappets 443 (e.g., ball
bearings) at a specific radius from the center such that the
tappets 443 fall into tracks on the displacement plate 447. As
the tappets 443 are forced around the stationary displacement
plate 447, a moving seal is formed which forces fluid into the
inlet, around the channels, and out of the outlet of the dis-
placement plate 447. However, in various configurations of
this variation, the displacement device 140 can include any
other component or feature of any other suitable material or
geometry and can cooperate with the substrate 110 and/or
reservoir in nay other way to transition the deformable region
122 between the retracted setting and expanded setting.
[0094] In the foregoing variations, implementations,
example implementations, and examples, the steady-state
position of the displacement device 140 and/or actuator can
yield a positive pressure (i.e., greater than atmospheric pres-
sure) within the reservoir 130, fluid channel, and cavity in
and/or during a transition into the expanded setting and a
negative pressure (i.e. vacuum, or less than atmospheric pres-
sure) within the reservoir 130, fluid channel, and cavity in
and/or during a transition into the retracted setting. Positive
pressure in the enclosed fluid system (relative to atmospheric
pressure) in the expanded setting can enable the deformable
region 122 to rise above the peripheral region 121 to create a
tactilely distinguishable feature on the tactile surface. Fur-
thermore, negative pressure in the enclosed fluid system (rela-
tive to atmospheric pressure) in the retracted setting can draw
fluid out of the cavity to substantially ensure that the deform-
able region 122 transitions to a position that is substantially
flush with the peripheral region 121 to effectively eliminate a
feature tactilely distinguishable from the peripheral region
121 on the tactile surface. For example, the displacement
device 140 can maintain a pressure of 15 psi above atmo-
spheric pressure within the enclosed fluid system in the
expanded setting, and the displacement device 140 can main-
tain a pressure of 5 psi below atmospheric pressure within the
enclosed fluid system in the retracted setting. However, the
dynamic tactile interface can function in any other way to
transition the deformable region 122 between retracted and
expanded settings.

5. Sensor and Display

[0095] As shown in FIG. 2, one variation of the dynamic
tactile interface further includes a sensor 160 coupled to the
substrate no opposite the tactile layer 120 and configured to
output a signal corresponding to an input on a tactile surface
of the tactile layer 120. Generally, a sensor 160 functions to
enable detection on an input on the tactile surface, such as at
the peripheral region 121 and/or at the deformable region 122
by outputting a corresponding signal. For example, a sensor
160 can be a capacitive touch sensor or a resistive touch



US 2014/0160044 A1

sensor. A processor within the corresponding electronic
device and coupled to a sensor 160 can thus interpret an
output from a sensor 160 to detect a corresponding input on
the tactile surface, such as from a finger or a stylus, as well as
a location of the input on the tactile surface.

[0096] As shown in FIG. 2, one variation of the dynamic
tactile interface further includes a display 150 coupled to the
substrate 110 opposite the tactile layer 120 and configured to
output an image of an input key substantially aligned with the
deformable region 122. Generally, the display 150 functions
to provide visual guidance at the tactile layer 120 by render-
ing a corresponding image, which is transmitted through the
substrate no and the tactile layer 120 for viewing by a user. For
example, the substrate 110, the tactile layer 120, and the
volume of fluid 170 can be substantially transparent.

[0097] However, a sensor 160 and/or the display 150 can be
implemented as described in U.S. patent application Ser. No.
11/969,848, U.S. patent application Ser. No. 13/414,589,
U.S. patent application Ser. No. 13/456,010, U.S. patent
application Ser. No. 13/456,031, U.S. patent application Ser.
No. 13/465,737, and/or U.S. patent application Ser. No.
13/465,772.

[0098] As apersonskilled in the art will recognize from the
previous detailed description and from the figures and claims,
modifications and changes can be made in the foregoing
embodiments of the invention without departing from the
scope of this invention as defined in the following claims.

I claim:

1. A dynamic tactile interface, comprising:

a substrate defining a fluid channel and a fluid conduit

fluidly coupled to the fluid channel;

atactile layer comprising a peripheral region and a deform-

able region, the peripheral region coupled to the sub-
strate, and the deformable region arranged over the fluid
conduit, disconnected from the substrate, and operable
between a retracted setting and an expanded setting, the
deformable region elevated above the peripheral region
in the expanded setting;

a tube comprising a first end fluidly coupled to the fluid

channel and constrained relative to the substrate;

a volume of fluid within the tube; and

an actuator coupled to the tube remote from the first end

and configured to transition the deformable region from
the retracted setting to the expanded setting by winding
the tube to displace a portion of the volume of fluid
within the tube into the fluid channel.

2. The dynamic tactile interface of claim 1, wherein the
tube comprises a second end opposite the first end, and further
comprising a second tube comprising a third end coupled to
the second end and a fourth end constrained relative to the
substrate opposite the first end, wherein the actuator is
coupled to the second end by a shaft passing though the
second tube, and wherein the actuator is configured to tran-
sition the deformable region from the retracted setting to the
expanded setting by rotating in a first direction to wind the
tube and to unwind the second tube.

3. The dynamic tactile interface of claim 2, wherein the
tube and the second tube are physically coextensive.

4. The dynamic tactile interface of claim 2, wherein the
actuator is further configured to transition the deformable
region from the expanded setting to the retracted setting by
rotating in a second direction opposite the first direction to
unwind the tube and to wind the second tube.
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5. The dynamic tactile interface of claim 1, further com-
prising a linear track, wherein the actuator is configured to run
along the track parallel to an axis of the tube, and wherein the
actuator comprises an output shaft coupled to a second end of
the tube opposite the first end.

6. The dynamic tactile interface of claim 5, further com-
prising a spring coupled to the actuator opposite the output
shaft and configured to retract the actuator along the linear
track to unwind the tube.

7. The dynamic tactile interface of claim 1, wherein the
actuator comprises a housing and an output shaft coupled to
the tube, is configured to rotate in a first direction to transition
the deformable region from the retracted setting to the
expanded setting, and is configured to rotate in a second
direction opposite the first direction to transition the deform-
able region from the expanded setting to the retracted setting,
and further comprising a ratchet and a clutch coupled to the
output shaft and a pawl coupled to the housing, wherein the
pawl is configured to engage the ratchet to latch an arcuate
position of the output shaft in the expanded setting, and
wherein the clutch is configured to retract the pawl to release
the ratchet in response to rotation of the output shaft in the
second direction.

8. The dynamic tactile interface of claim 1, wherein the
actuator comprises an output shaft coupled to the tube and
configured to rotate in a first direction to transition the
deformable region from the retracted setting to the expanded
setting and to rotate in a second direction opposite the first
direction to transition the deformable region from the
expanded setting to the retracted setting, and further compris-
ing a static endplate coupled to the substrate and a friction
plate coupled to an output shaft of the actuator, wherein the
actuary is configured to drive the friction plate into the end-
plate to lock the tube in a wound position corresponding to the
expanded setting.

9. The dynamic tactile interface of claim 8, wherein the
friction plate is threaded into the endplate and is configured to
lock into the endplate after a preset number of rotations of the
output shaft.

10. The dynamic tactile interface of claim 1, wherein the
actuator comprises a direct-current electric gearhead rotary
motor.

11. The dynamic tactile interface of claim 1, wherein the
tube defines a first wall thickness proximal first end and a
second wall thickness proximal a junction between the actua-
tor and the tube, the first wall thickness greater than the
second wall thickness.

12. The dynamic tactile interface of claim 1, wherein the
tube defines a circular internal cross-section a circular exter-
nal cross-section proximal the first end of the tube, and a
semi-circular external cross-section proximal a second end of
the tube opposite the first end.

13. The dynamic tactile interface of claim 1, wherein the
tube comprises a first pinched region proximal a junction
between the actuator and the tube.

14. The dynamic tactile interface of claim 1, wherein the
tube comprises an elastomeric tube and a cap at a second end
opposite the first end, wherein the first end engages a barb
coupled to the substrate, and wherein the actuator is coupled
to the cap.

15. The dynamic tactile interface of claim 1, further com-
prising a stent arranged inside the tube and configured to
unwind the tube.
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16. The dynamic tactile interface of claim 1, wherein the
substrate comprises a support member adjacent the deform-
ableregion, and wherein the fluid conduit communicates fluid
from the fluid channel through the support member and
toward the deformable region.

17. The dynamic tactile interface of claim 15, wherein the
deformable region is flush with the peripheral region in the
retracted setting, and wherein the support member is config-
ured to support the deformable region from inward deforma-
tion passed flush with the peripheral region.

18. The dynamic tactile interface of claim 1, further com-
prising a sensor coupled to the substrate opposite the tactile
layer and configured to output a signal corresponding to an
input on a tactile surface of the tactile layer.

19. The dynamic tactile interface of claim 1, wherein the
substrate, the tactile layer, and the volume of fluid are sub-
stantially transparent, and further comprising a display
coupled to the substrate opposite the tactile layer and config-
ured to output an image of an input key substantially aligned
with the deformable region.
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20. A displacement device for a dynamic tactile interface,

comprising:

atube comprising a first end and a second end opposite the
first end, the first end constrained and defining an outlet;

a cap coupled to the second end of the tube;

a volume of fluid within the tube;

a rotary actuator comprising an output shaft coupled to the
second end of the tube and configured to wind the tube to
displace a portion of the volume of fluid from the tube;
and

a balance spring coupled to the second end of the tube and
configured to balance a torque applied by the tube to the
output shaft of the rotary actuator.

21. The dynamic tactile interface of claim 20, wherein the
balance spring comprises a second tube pre-wound and con-
figured to unwind as the tube is wound and to wind as the tube
is unwound.



